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Introduction
Tics are non-rhythmic movements that can be simple or complex. 
Clinically, they may appear as quick voluntary movements (50–200 ms),1 
but can also be longer and more sustained (>300 ms).2 These movements 
are often described as being predictable.3 An inner tension builds which is 
relieved by the movement in most cases, and the movement can be sup-
pressed for some time. Most patients report a feeling of  relief  once they 
release the movement, and therefore do not prolong the suppression. 
Thus, to some extent, the movement is under voluntary control. Tics have 
been called “unvoluntary”; a movement between voluntary and involun-
tary behavior.4
Here we present a person who can purposely induce tics. Simultaneous 
electroencephalography (EEG) and electromyographic (EMG) activity 
were recorded to capture the Bereitschaftspotential (BP) to explore the 
physiology of  this phenomenon.
Clinical case
A 55-year-old right-handed man presented with a previous left hip 
injury that caused him pain and discomfort. To rehabilitate the pain, he 
started to practice Tai Chi, whereby he learned to flow “Chi” in his body, 
self-described as a bioelectrical flow in the body.
By practicing Tai Chi, he became able to voluntarily build up tension 
in parts of  his body, which would eventually cause a jerky movement. The 
tension could build up at different parts of  his body, but occurred most 
commonly around his spine muscles, which then induced a movement in 
his upper torso and neck. He reports being fully in control of  the buildup 
sensation, and being able to start and stop this buildup of  “Chi” at will. 
With regard to the movement, he reports some volition, but that the 
movement does not feel entirely under voluntary control. He is able to 
suppress the movement after tension buildup, but states that it is unpleas-
ant. The process of  building up and releasing tension feels pleasant for the 
patient as he feels “relaxed” after the movement occurs.
In college, he reported purposely inducing episodes of  shaking when 
he was in bed. Those episodes were also perceived to be pleasant. At some 
point, he felt that the episodes were lasting a few seconds longer than he 
desired. This caused him some distress, and he successfully stopped induc-
ing them.
His neurological exam was normal. No history of  alcohol, drug abuse, 
or family history of  mental illness was known. He is currently taking 
Lexapro for mild depression. He denied any evidence of  tic disorder as a 
child. There were some minor obsessive and compulsive thoughts, but he 
denied ever having obsessive compulsive diagnosis or traits. Lastly, he was 
not bothered by these symptoms and was not seeking treatment.
Electrophysiological study
Surface EMG electrodes were attached to the cervical and thoracic 
paraspinal muscles, as well as the left sternocloidomastoid (SCM). EEG 
activity was measured over Cz with a left mastoid reference and ground 
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Figure 1. Electromyography of  Voluntary Movement and Movement after Tension Buildup. Single traces from EMG recordings from both reported vol-
untary (A) and those after tension buildup (B). EMG is shown for cervical and thoracic paraspinal muscles, as well as left sternocloidomastoid (SCM).
Figure 2. Back-averaging to Assess the Presence of  the Bereitschaftspotential during Each Movement Type. Average traces from simultaneous 
EEG and rectified EMG recordings from both reported voluntary and tic-like involuntary movements. EMG is shown for cervical and thoracic paraspinal mus-
cles, as well as left sternocloidomastoid (SCM). Markers were manually placed at the onset of  each movement, and all  movements were subsequently averaged to 
produce a single trace. A Bereitschaftspotential (BP) is visible starting roughly ~500 ms prior to movement onset (0 ms) in the case of  the voluntary movement (A), 
but not during the movement occurring after the tension buildup (B).
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on FP1. Simultaneous EMG and EEG recordings were made during 
movements reported as fully voluntary (Video 2) and those resulting 
from voluntary tension buildup (Video 1).
Movements after tension buildup were about 400 ms in duration, 
initiating in thoracic paraspinal muscles and subsequently in the cervi-
cal paraspinal and SCM. Overall, this recruitment pattern was consis-
tent, although at times cervical paraspinal activity occurred prior to or 
concurrent with that of  thoracic paraspinal. The recruitment pattern 
was similar during voluntary movements, but the duration of  the burst 
was closer to 300 ms (Figure 1).
By back-averaging to the movement, we were able to identify a clear 
BP during the voluntary movement, but not after voluntary tension 
buildup (Figure 2).
Discussion
The BP is a slowly rising negative potential originating over the sup-
plementary motor area and premotor cortex which has been shown to 
precede a voluntary movement.5 It can be divided into an early portion 
(BP1) with a shallow slope and a late portion (BP2) that occurs roughly 
400 ms prior to the movement and is observed to have an increased 
slope relative to BP1. Tic movements either will not have any BP 
 preceding them or will have only the BP2.6
Here we find that a BP was present when the patient voluntarily 
mimicked the movement, but not after voluntary tension buildup. While 
we note that an absent BP is not a definitive sign of  involuntariness, the 
presence of  BP during voluntary movements, but not after voluntary 
tension buildup, supports the fact that the latter is an involuntary move-
ment. Additionally, a neuroimaging study of  typical tics from our group 
has shown pre-tic activation in the anterior insula and anterior cingulate 
rather than in the premotor cortex.7 Since the BP is generated in the 
premotor cortex, the lack of  a BP after voluntary buildup can be 
understood.
The patient feels that he has control of  the tension buildup, but the 
resulting movements to relieve the tension do not occur exactly how he 
would plan to perform them and he feels he has only partial volition as 
they occur. While we are unable to determine whether the underlying 
pathophysiology here is fully similar to that of  tics, the evidence points 
toward tic disorder more than any other movement disorder. At the 
same time, we recognize the similar phenomenology between organic 
and functional tics.8 There are some characteristics of  the movement 
Video 1. Example of  Tic. In this video, the patient builds tension voluntarily, 
but the movement is “involuntary”.
Video 2. Examples of  Voluntary Movements. In this video, the patient 
makes voluntary movements attempting to mimic the tics.
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that may point to a functional syndrome. However, given that the 
patient has some control over the movement, a premonitory feeling, and 
no BP make us think it is reasonable to classify it as organic tic. The 
pleasure reported after the movements may also support the diagnosis as 
equivalent to the relief  that patients with tic disorder describe. However, 
we note that this sensation is typically described more as relief  than 
pleasure.
In the case presented here, the tic occurs only in response to a pur-
poseful initiation of  tension buildup. To our knowledge, this is the first 
description of  a purposely induced tic disorder. While almost all 
patients spontaneously report that the rise of  tension is involuntary, we 
generally do not explicitly ask patients if  they can control the tension 
preceding their movements in the manner described here. It is possible 
that some other patients could have more voluntary control over the 
buildup of  tension than the subsequent movement. If  so, the urge could 
be a more appropriate target for therapeutic suppression than the 
movement itself.
An alternative explanation, although counter to his history, could be 
that the patient has a tic disorder but mental training (Tai Chi) has 
enabled him to fully control his urge. This would be similar to what 
happens in the process of  Comprehensive Behavioral Intervention for 
Tics for treatment of  tic.
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